Introduction {#sec1}
============

Obesity is related to abnormal or excessive fat accumulation in the body, which may impair health. Obesity has been classified according to a specifically calculated index called the body mass index (BMI); it is a simple weight-for-height index that is defined as a person\'s weight in kilogrammes divided by the square of his or her height in metres (kg/m^2^).[@bib1] Based on the WHO classification for obesity in adults, a BMI between 25 and 29.9 is considered to be overweight, and a BMI ≥30 is considered to be obese.[@bib1], [@bib2] Thirteen percent of the world\'s adult population (11% of men and 15% of women) were obese in 2014 and 39% of adults were overweight.[@bib1] According to the National Nutrition Survey in 2007, the prevalence of obesity in KSA was 23.6% in women and 14% in men, and the prevalence of overweight in the community was determined to be 30.7% for men compared to 28.4% for the women.[@bib3] Obesity is a major risk factor for a group of diseases and death.[@bib4], [@bib5] Recognition of the role of an elevated BMI in different developing countries has made obesity and its underlying factors a high priority for health authorities worldwide. Overweight and obesity are linked to more morbidities and mortalities worldwide than underweight.[@bib4], [@bib5], [@bib6], [@bib7] Human red blood cells (RBCs) have been classified into four ABO blood groups: A, B, AB, and O, which is determined by the presence of antigen A and antigen B on the surface membrane of RBCs, which are specific inherited carbohydrate chains that act as antigens on the extracellular surface of the red blood cell plasmalemma.[@bib8] ABO blood groups have been shown to be particularly associated with different diseases, as observed in some studies.[@bib9], [@bib10], [@bib11], [@bib12] The evidence of the association of some ABO blood types with diseases is accumulating as this may relate to a direct or indirect role of ABO blood types.[@bib11] The ABO blood type should not be clinically used as a biomarker of risk because risk associations with blood type may be affected by other genetic and environmental factors.[@bib12] As an example, the high prevalence of *H. pylori*, which increases the risk of stomach cancer in blood type A, may explain the increased risk of stomach cancer among blood type A patients.[@bib12]

Few studies have been carried out to detect the association of ABO blood groups with obesity, with uncertain results.[@bib13], [@bib14], [@bib15] The goal of this study is to find any potential relation between the ABO blood groups and obesity or increases of BMI among a population of Saudis, which may contribute to underlying genetic or environmental factors and can be considered in future studies.

Materials and Methods {#sec2}
=====================

Study design and participants {#sec2.1}
-----------------------------

A cross-sectional descriptive study was conducted using a structured questionnaire among males and females aged 15 years and above from Almadinah Almunawwarah. A total 1204 of Almadinah Almunawwarah participants in this study was obtained after obtaining informed consent for participation. A cross-sectional descriptive study was conducted using a structured questionnaire among the males and females aged above 15 years. All participants with incomplete or missing data, or of an age below 15 years were excluded.

Data collection and analysis {#sec2.2}
----------------------------

The questionnaire was designed in a very comprehensive manner, consisting of 6 questions related to general demographic data, including weight, height, type of ABO blood group and general opinions related to the association between the ABO groups and obesity. Obesity was conveniently quantified using BMI. It is calculated as the person\'s weight in kilogrammes divided by the square of his or her height in metres (kg/m^2^).[@bib1], [@bib2] The weight classification was based on the WHO BMI classification as follows: underweight (BMI \< 18.5), normal weight (BMI 18.50--24.99), overweight (BMI 25--29.99), obese class I (BMI 30--34.99), obese class II (BMI 35--39.99), obese class III (BMI ≥ 40.00).[@bib2] The data were analysed by using SPSS to determine any association between obesity and different ABO blood groups.

Results {#sec3}
=======

Our study included 1171 of 1204 participants of an Almadinah Almunawwarah population; 33 participants\' data were excluded because of missing or incomplete data; 575 (49.1%) participants were male and 596 (50.9%) participants were female. The ages of the subjects were classified into five categories, and the majority of participants were younger than 35 years old (77.9%), as 553 (47%) participants were between 15 and 25 years old and 359 (33.7%) participants were between 25 and 35 years old ([Table 1](#tbl1){ref-type="table"}). Most participants\' nationality (95.6%) was Saudi, while the remaining participants were not Saudi (4.4%). The classification of participants according to BMI were 86 (7.3%) underweight, 407 (34.8%) normal weight, 331 (28.3%) overweight, and 347 (29.6%) obese ([Table 2](#tbl2){ref-type="table"}). The prevalence of obesity was 35.7% of male participants and 20.3% of female participants, while the prevalence of overweight was 30% of male participants and 25.3% of female participants. Over half of the participants (57.9%) were classified as overweight or obese based on BMI.Table 1Participants\' age classification.Table 1Age (years)Participants (n = 1171)Percent (%)Cumulative percent (%)15--\<2555347.247.225--\<3535930.777.935--\<4517514.992.845--\<55685.898.6≥55161.4100.0Table 2Relation between BMI and blood groups among participants.Table 2BMI classificationABO blood group\
n = 1171P valueA\
n = 368 (31.4%)B\
n = 188 (16.1%)AB\
n = 76 (6.5%)O\
n = 539 (46.0%)Underweight (BMI \< 18.5)n = 86 (7.3%)22 (25.6%)11 (12.8%)6 (7%)47 (54.7%)0.55% within ABO blood group6.0%5.9%7.9%8.7%% of all participants1.9%0.9%0.5%4.0%Normal weight (BMI 18.50--24.99)n = 407 (34.8%)137 (33.7%)64 (15.7%)23 (5.7%)183 (45.0%)0.51% within ABO blood group37.2%34.0%30.3%34.0%% of all participants11.7%5.5%2.0%15.6%Overweight (BMI 25--29.99)n = 331 (28.3%)104 (31.4%)58 (17.5%)21 (6.3%)148 (44.7%)0.84% within ABO blood group28.3%30.9%27.6%27.5%% of all participants8.9%5.0%1.8%12.6%Class I obesity (BMI 30--34.99)n = 199 (17%)57 (28.6%)37 (18.6%)17 (8.5%)88 (44.2%)0.11% within ABO blood group15.5%19.7%22.4%16.3%% of all participants4.9%3.2%1.5%7.5%Class II obesity (BMI 35--39.99)n = 87 (7.4%)27 (31.0%)9 (10.3%)5 (5.7%)46 (52.9%)0.39% within ABO blood group7.3%4.8%6.6%8.5%% of all participants2.3%0.8%0.4%3.9%Class III obesity (BMI ≥ 40)n = 61 (5.2%)21 (34.4%)9 (14.8%)4 (6.6%)27 (44.3%)0.77% within ABO blood group5.7%4.8%5.3%5.0%% of all participants1.8%0.8%0.3%2.3%

The frequencies of ABO blood groups among all participants were: O group 46% (n = 539), A group 31.4% (n = 368), B group 16.1% (n = 188), and AB group 6.5% (n = 76) ([Figure 1](#fig1){ref-type="fig"}). Most of the participants\' RhD group (rhesus blood group) was positive (89%), and the RhD negative prevalence according to each ABO blood groups was: 4.4% O-negative, 3.4% A-negative, 2.3% B-negative, and 0.9% AB-negative. The prevalence of obesity (BMI ≥ 30) among participants based on ABO blood groups O, A, B, and AB was 13.7%, 9%, 4.8%, and 2.2%, respectively ([Figure 2](#fig2){ref-type="fig"}). The prevalence of obesity was correlated to the prevalence ABO blood groups, and there was no statistically significant relation detected between ABO blood groups and an increase of BMI as overweight and obesity ([Table 2](#tbl2){ref-type="table"}).Figure 1ABO blood group prevalence in the Almadinah Almunawwarah population.Figure 1Figure 2ABO blood group related to weight based on BMI classification among participants.Figure 2

Most participants (41.7%) believe that there is no relation between obesity and ABO blood types, while 324 (27.7%) participants believe in the presence of a relation between obesity and ABO blood type, based on their best knowledge by direct question ([Table 3](#tbl3){ref-type="table"}).Table 3Beliefs of participants regarding the relation between obesity and ABO blood groups.Table 3AnswersParticipants (n = 1171)Percent (%)Cumulative percent (%)Yes, there is relation32427.727.7No, I don\'t think so48841.769.4I don\'t know35930.6100

Discussion {#sec4}
==========

This cross-sectional study showed the prevalence of obesity among an Almadinah Almunawwarah population of KSA in 20.3% of female participants and 35.7% of male participants, reflecting a higher obesity prevalence in the Almadinah Almunawwarah population mainly among males compared to the prevalence of obesity in other regions of KSA based on the National Nutrition Survey in 2007 (23.6% in women and 14% in men and compared to WHO data in 2014, which was representative of 13% of the world\'s adult population).[@bib1], [@bib3] This increase in the prevalence of obesity mainly in younger generations requires more public and medical awareness, with specific educational programs to prevent the expansion of these numbers and to avoid the long-term morbidities related to obesity and its impact on society. A larger national study in the future is needed given the limitations of this study regarding the sample size and geographic distribution.

Previous studies showed uncertain results regarding the relation of ABO blood groups and other environmental cofactors to the prevalence of obesity.[@bib13], [@bib14], [@bib15] Recently, a study from India showed that there was a correlation between the B blood group and prevalence of obesity and hypertension among blood donors.[@bib13] However, another study from India showed a correlation between the O blood group in children and obesity and overweight.[@bib14] In contrast, Suadicani and colleagues reported no difference in the prevalence of obesity among male participants with the O blood group and other ABO blood groups, but the prevalence of obesity was increased among men with the O blood group who had long-term occupational exposure to various respirable airborne pollutants.[@bib15] Additionally, Kelso and colleagues showed no relation between the ABO blood types and body weight among four samples from different culturally distinct populations.[@bib16] Our study showed no statistically significant difference regarding the relation of the prevalence of an increase of BMI (overweight and obesity) and ABO blood types ([Table 2](#tbl2){ref-type="table"}). Our results were supported by a recent study from the Northern area of KSA that showed no association between obesity and ABO and Rh blood types.[@bib27]

From another prospective, the blood type diet, also known as the blood group diet, was popularized by a naturopathic physician called Dr. Peter D\'Adamo in the year 1996 in his book "Eat Right 4 Your Type".[@bib17] The hypothesis of health benefits of specific diets for each ABO blood type was not scientifically based as there is no evidence that supports it.[@bib18] Some studies attributed this hypothesis to the influence of ABO blood types as a host factor that might modulate the composition of the human intestinal microbiota.[@bib19], [@bib20] Recently, Wang and colleagues showed no specific associations between adherence to ABO blood type diets and their effects on cardio-metabolic risk factors in a study that included 1455 participants.[@bib21] The commercial use of blood type diets is not recommended without supporting evidence that validate its health benefits.

Finally, the distribution of the ABO blood groups varies worldwide depending on different factors, such as genetics, race and ethnicity, and this distribution is important in understanding lifesaving procedures, such as blood transfusions and organ transplants. It is also important in research since it potentially associates with the incidence of some diseases.[@bib9], [@bib10], [@bib11], [@bib12], [@bib13] Our results regarding the prevalence of ABO blood types showed the O group as the most common blood group (46%), followed by the A group (31.4%), B group (16.1%) and AB group (6.5%). Most of this study\'s participants (89%) were RhD-positive. These results are comparable to previous results of other studies from other regions of KSA.[@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27]

Conclusion {#sec5}
==========

Our study showed that there was no relation between high BMI and ABO blood groups. However, the elevation of the prevalence of overweight and obesity, mainly among the younger generations of population of KSA, requires more public and medical awareness and educational programs to prevent its expansion in the future. Larger future national studies are required to assess the current prevention and treatment programs and to study the potential genetic and environmental factors of the increasing prevalence of obesity.
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